Aim of the study is to assess the possibility to use water sensitive papers to estimate, beside the superficial coverage, also the amount of deposit on the target at varying the spray features. To point out the main quantities influencing the deposit, the behaviour of the water sensitive papers was simulated by assuming some simplifying hypotheses: log-normal distribution of the diameter population of the drops and circular spots. Several images (630) of water sensitive papers, sprayed with drops of different mean diameter (from 100 up to 500 µm), constant coefficient of variation (0.50), and theoretical percentage of covered surface ranging from 10 up to 100%, were produced by means of simulation. These images were considered as effective water sensitive paper images and then analysed by means of an image processing software. The correlations between measured and effective values were studied and they allowed for an estimate of deposit and spray features from the image data. This implies that the analysis of the water sensitive paper images allows the determination of more complex parameters such as the unitary deposit and the impact density, all data strictly related to the efficacy of a phytosanitary treatment.
Introduction
Several studies have pointed out that, even if the evaluation of a phytosanitary treatment should be related to the biological results, a proper calibration of the sprayer is necessary in order to avoid off-target losses, to apply the pesticide uniformly on the canopy or where it is required, and to minimise the impact on the environment (Vanella et al., 2010) . The European Directive 2009/127/CE recognises the use of pesticides "as posing threats both to human health and the environment" and that "the design, construction and maintenance of machinery for pesticide application play a significant role in reducing the adverse effects of pesticides on human health and the environment". The European Directive 2009/128/CE enforces these aspects and states that a "common legal framework for achieving a sustainable use of pesticides should be established, taking account of precautionary and preventive approaches".
The assessment of the distribution of the active substance on the canopy (leaves, fruits) is currently performed by measuring via proper techniques (Cerruto, 2007 ) the amount of mixture or microelements, sprayed together with the mixture, that reach the target, or by analysing the impacts of the drops on suitable artificial targets (Salyani and Fox, 1999; Cerruto and Failla, 2003; Pergher et al., 2008) .
The most common artificial targets are water sensitive papers and PVC targets covered with silicon oil. Water sensitive papers allow for a quick assessing of the superficial coverage, while PVC targets allow for a better study of the spots, as they also can be used with high volume rates. The spot size distributions in the two targets are strictly correlated (Cerruto et al., 2009) .
In the present study the behaviour of water sensitive papers was simulated, so to estimate, in addition to the superficial coverage, the spray features and the amount of deposit on the target. In a previous study (Aglieco and Cerruto, 2012) , producing by means of simulation some images of water sensitive papers sprayed with droplets of different pulverisation degree and different coefficients of variation of the droplet diameter, it was found a significant correlation between spray volume collected by the water sensitive papers and data achieved from the images. In this paper the Authors intend to investigate this aspect thoroughly, by extending the study to sprays characterised by wider ranges of mean diameters and to water sensitive papers with greater superficial coverage.
Materials and methods

The experimental activity
Sprays with different mean drop diameter were simulated, ranging from 100 up to 500 µm with step of 20 µm. Drop diameters were lognormal distributed, with constant (50%) coefficient of variation (CV). Images of water sensitive papers 2 cm × 7 cm in size were produced, with theoretical values of superficial coverage (not considering overlapping), ranging from 10 up to 100% with step of 10%. For each value of mean diameter and theoretical superficial coverage, three replicates were carried out, so producing a total of 630 images.
Simulation was developed according to the following procedure: 1. Given mean diameter (Dm) and CV, produce the drop diameter population (Dd). The number of drops was preliminarily computed on the basis of the desired theoretical value of superficial coverage.
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2. Given the drop diameters Dd (µm), produce the corresponding spot diameters Ds (µm). Spot diameters were estimated by analysing the spread factor (ratio between spot diameter and drop diameter, Figure 1 , Novartis) and using the equation:
(1) 3. Produce the water sensitive paper images by randomly allocating the spots, circular shaped, up to the desired theoretical superficial coverage. Images were produced with a resolution of 1200 dpi, enough to detect spots of 24 µm in diameter. 4. Store all the main data used to produce each image (drop diameter population, number, total volume (µL), and volume mean diameter (VMD) of the drops). All the procedures were implemented by using the open source software R (R Development Core Team, 2012).
Data analysis
The images produced via simulation were analysed by means of the ImageJ (Abramoff et al., 2004) software as effective water sensitive paper images. The software detects the particles, without distinguishing among overlapped particles, and provides some data for each image, among which percentage of covered surface, number of spots and area of each spot were selected.
Subsequently, studying the area of each spot detected by ImageJ, other quantities were computed, among which: -the equivalent diameter D' s of each spot (that of the circle with the same area); -the diameter of the drop D' d capable of producing a spot with diameter D' s (the calculation was carried out by inverting Equation 1); -the CV and the mean diameter D' m of these drops; -the volume transported by these drops.
All these data were correlated with the theoretical ones used to produce the images so to analyse their trend at varying spray and image features. All the statistical analyses and graphical representations were carried out by using the same software R. The first refers to a spray with mean drop diameter equal to 160 µm, theoretical value of percentage of covered surface equal to 50%, and theoretical deposit equal to 1.97 µL/cm 2 . The corresponding values for the second image are 320 µm, 50% and 3.65 µL/cm 2 , respectively.
Results and discussion
Superficial coverage
The theoretical (ST, %) percentage of covered surface is related to the measured one (SM, %) by the equation:
(2) reported in Figure 3 . The coefficient of determination R 2 is equal to 0.9988, highly significant. When the measured value of percentage of covered surface increases towards 100%, the theoretical one tends to infinity asymptotically. Moreover, the result is independent from the mean drop diameter. According to the equation (2), when the theoretical percentage of covered surface ranges from 10 up to 100%, the measured one ranges from 9.4 up to 62.5% and then the overlap ranges from 0.6 up to 37.5%. Figure 4 reports the trends of the theoretical deposit vs. the measured percentage of covered surface, at varying the mean drop diameter. The trends are well explained by quadratic relations, whose coefficients are functions of the mean drop diameter. The coefficients of determination range from 0.9887 up to 0.9995, highly significant. So, when the drop diameter CV is equal to 0.5, the unitary deposit can be estimated by knowing mean drop diameter and percentage of covered surface only.
Unitary deposit
However, in the previous study (Aglieco and Cerruto, 2012) , where CVs equal to 0.4, 0.5 and 0.6 were considered, it was found that the relations between unitary deposit and percentage of covered surface are affected by the CV values, and then an appropriate estimate of this parameter should be extracted from the images. This aspect will be investigated in further studies.
As an alternative way, the unitary deposit was computed by analysing the spots, namely by computing the equivalent diameters D' s of the spots and then the corresponding drop diameters D' d . In the previous study (Aglieco and Cerruto, 2012) , the relation between theoretical deposit and deposit computed by analysing the spots, was found to be independent from the drop diameter CV, even if this aspect should be more investigated by considering wider ranges of CVs. According to this approach, the relation between deposit computed by analysing the spots VC (µL/cm 2 ) and theoretical deposit VT (µL/cm 2 ) was that showed in Figure 5 , (3) being a0, a1 and a2 coefficients depending on the mean drop diameter. If the independence from the drop diameter CV is confirmed, only an estimate of the mean drop diameter is necessary to compute the deposit starting from the spot analysis on water sensitive paper images.
This estimate can be achieved by computing the linear regression D' m of on SM considering the images with SM<40%only, and predicting the response at SM=5%. The error was always between 4.2% and 3.6%.
Impact and spot density
The impact density (number of drops per square centimetre) increases when the percentage of covered surface increases (Figure 6 ). The regression equations, depending on the mean drop diameters, are of quadratic type, with coefficients of determination ranging from 0.9816 up to 0.9993. As an influence of the drop diameter CV should be expected, even this aspect will be investigated thoroughly in the prosecution of the research.
The spot density (number of spots per square centimetre), at the contrary, due to the overlapping, increases up to a maximum, and then decreases (Figure 7 ). The maximum is reached when the percentage of covered surface is between 35 and 39%, confirming the results of the previous study, and decreases when the mean drop diameter increases.
Conclusions
The results of this study confirm and enforce those obtained in the previous one (Aglieco and Cerruto, 2012) . In particular:
Theoretical and measured percentage of covered surface are related by a simple relation (Equation 2), independently from the spray features. This allows for a quick estimate of the overlap, potentially cause of run-off.
The theoretical deposit is related to the measured percentage of covered surface by a quadratic relation, but influenced by the mean drop diameter. As the previous study revealed an influence of the drop diameter CV, a more accurate estimate of the deposit requires an analysis of the spots.
The analysis of the spots allows for an estimate of the deposit higher than theoretical one, but computed and theoretical deposit are strictly correlated. In the previous study, the regression equations were independent from the drop diameter CV, but dependent only from the mean drop diameter. A dedicated study on this aspect, by considering wider ranges of CV, will be developed in the prosecution of the research.
The effective mean drop diameter can be achieved from the images by using the regression equation of the computed mean drop diameter on the measured percentage of covered surface.
All considered, the analysis of the water sensitive paper images allows for a complete description of the treatment in terms of unitary deposits, drop diameter, spot and impact density. Further studies are necessary to cover other situations (different CV, different diameter distributions, lower mean diameters) and to experimentally verify the models. 
